Abstract. Primary signet-ring cell adenocarcinoma (SRCA) of the lung is an extremely rare subtype of lung adenocarcinoma with a poor prognosis. The presence of an SRC component is considered to be a prominent clinicopathological characteristic of EML4-ALK-positive non-small cell lung cancer (NSCLC). Crizotinib, an anaplastic lymphoma kinase inhibitor, has been approved for the treatment of EML4-ALK NSCLC by previous studies, but its effect on SRCA, an extremely rare subtype of lung adenocarcinoma, has yet to be elucidated. Therefore, the present study aimed to evaluate the clinical response of SRCA to crizotinib, and examine the potential use of crizotinib as a treatment for the carcinoma. A 43-year-old male was admitted to the Qingdao Municipal Hospital (Qingdao, China) with dyspnea. Chest computed tomography (CT) revealed a mass in the middle lobe of the right lung. Transbronchial lung biopsies revealed the presence of SRCA (70%) mixed with poorly-differentiated adenocarcinoma (30%). Immunohistochemically, the SRCA cells were positive for cytokeratin (CK)7 and thyroid transcription factor-1, and negative for CK20. An inversion of the EML4-ALK gene was detected by fluorescence in situ hybridization and crizotinib was injected by nasogastric tube. The patient was highly responsive to crizotinib. The symptoms of dyspnea were relieved and the volumes of pericardial and pleural effusion were gradually reduced. A CT scan revealed lung tumor regression. The overall response was a partial response. Therefore, crizotinib exists an attractive therapeutic option for patients with SRCA. However, in the present study, acquired drug resistance to crizotinib developed after only one month of treatment. It would consequently be valuable to investigate the mechanisms underlying acquired crizotinib resistance in future studies.
Introduction
The majority of cases of signet-ring cell adenocarcinoma (SRCA) of the lung originate from the gastrointestinal tract. Primary SRCA of the lung, originally described in 1989 by Kish et al (1) , is an extremely rare subtype of adenocarcinoma, which confers a poor prognosis compared with other subtypes of adenocarcinoma (2) . Previous studies have identified that a high proportion of EML4-ALK-positive non-small cell lung cancer (NSCLC) tumors in North America possess SRC components (3, 4) . Therefore, the presence of an SRC component may be an important clinicopathological feature of EML4-ALK-positive NSCLC. In 2007, the discovery of EML4-ALK, a lung cancer-induced fusion gene, was considered to be an advance in the understanding of NSCLC (5). Crizotinib, which was approved by the Food and Drug Administration on August 26, 2011, is recommended for patients who carry the EML4-ALK gene rearrangement (6) . The development of an anaplastic lymphoma kinase (ALK) protein inhibitor with approved clinical activity has led to an understanding of the clinicopathological features and survival rates of patients with EML4-ALK NSCLC (4, 7) . To the best of our knowledge, the present study is the first to describe a case of primary SRCA of the lung with an EML4-ALK gene rearrangement. The clinical response to crizotinib was monitored throughout the therapeutic process.
Case report
A 43-year-old male, who was a non-smoker, was admitted to the Qingdao Municipal Hospital (Qingdao, China) on June 27, 2012, with a cough and dyspnea that had been apparent for one week. Chest computed tomography (CT) revealed an irregularly-shaped mass in the middle lobe of the right lung. Bilateral pleural and pericardial effusion was also observed (Fig. 1) . The levels of the tumor markers, cytokeratin (CK)-19 fragment 21-1, neuron-specific enolase, carcinoembryonic antigen and cancer antigen series, were within the normal ranges. Metastatic tumors were detected in the bone by positron emission tomography/CT. The pathological findings of the transbronchial lung biopsies revealed the presence of SRCA (70%) mixed with poorly-differentiated adenocarcinoma cells (30%) (Fig. 2) . Immunohistochemical analysis was performed in order to differentiate between primary and metastatic SRCA. The results revealed that the SRCA cells Consequently, a pathological diagnosis of stage IV SRCA of the lung was established with a tumor-node-metastasis classification of T4N3M1. Upon admission to the Qingdao Municipal Hospital, the patient experienced rapid clinical deterioration. Massive pleural and pericardial effusion was detected by type-B ultrasonic examination. A clinical cytological examination revealed the presence of malignant cells in the pleural and pericardial effusion. Immediate pericardiocentesis and pleurocentesis were required due to the onset of cardiac tamponade. However, as the effusion developed rapidly, a pericardiotomy was performed for continued drainage with a catheter. On July 13, 2012, the patient underwent tracheal intubation and mechanical ventilation for respiratory support, and was transferred to the intensive care unit (ICU). During this period, the tumor was analyzed for mutations in the epidermal growth factor receptor, but the result was negative.
Inversion of the EML4-ALK gene was then detected by fluorescence in situ hybridization from a sample sent to the Peking Union Medical College Hospital (Beijing, China). On July 20, 2012, it was established that the tumor was ALK-positive. By that time, the patient had been transferred to the ICU and had received mechanical ventilation for seven days. Crizotinib (250 mg) was therefore administered twice daily via 
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a nasogastric tube for three months. The following month, the condition of the patient had improved. The symptom of dyspnea was relieved and the volume of pericardial and pleural effusion was gradually reduced. A CT scan revealed lung tumor regression (Fig. 5) . As a result, the pericardial catheter and nasogastric and tracheal tubes were successfully removed. However, one month after removal, the patient began to deteriorate, following three months the patient succumbed to the disease. Written informed consent was obtained from the patient for publication of this case study and any accompanying images.
Discussion
The identification of the EML4-ALK gene translocation in cases of NSCLC, and the development of an approved ALK inhibitor has led to an understanding of the clinicopathological characteristics and prognosis of EML4-ALK NSCLC patients. EML4-ALK has become a novel therapeutic target for the treatment of NSCLC. ALK inhibitors have presented an opportunity for the individualized treatment of lung cancers (8) and provided an alternative therapeutic approach for those patients intolerant to chemotherapy and radiation therapy. In the last two decades, cases of primary SRCA have failed to respond to traditional chemotherapy and radiation therapy, and therefore, the condition was considered to have a generally poor prognosis. The significance of SRCA was not truly appreciated until the publication of recent study results, which linked SRC to EML4-ALK NSCLC (9, 10) . In early clinical trials, the ALK inhibitor, crizotinib, demonstrated a high response rate in patients with ALK-positive NSCLC (11, 12) . Despite this, a number of patients enrolled in the trials developed resistance to the drug (13) . In fact, acquired drug resistance is a problem encountered for a considerable number of targeted cancer drugs. In the present study, the patient was, at first, highly responsive to crizotinib. However, subsequent to just one month, resistance to crizotinib developed and the condition of the patient began to deteriorate. After three months, the patient succumbed to the disease. Cases of acquired drug resistance to targeted treatments following such a short duration are generally rare. It remains unclear as to whether such resistance is specific to primary SRCA of the lung as a rare subtype, or whether crizotinib is responsible for generating such extensive drug resistance. Therefore, it remains important to continue to investigate the survival outcomes of NSCLC patients with an EML4-ALK translocation who are treated with crizotinib, particularly those with SRCA.
Crizotinib is an attractive option for the treatment of SRCA. The present study described a radiological and symptomatic partial response to first-line crizotinib therapy in a patient with advanced primary SRCA of the lung. However, as acquired drug resistance developed after just one month of treatment, it would be valuable to investigate the mechanisms that underlie crizotinib resistance in future studies, in order to establish methods to improve the treatment.
